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Introduction

Lithium-ion batteries are rapidly becoming the battery of choice for portable No External Charge Required

electronic devices such as laptops, cell phones, and cameras. They have
also received much interest for use in hybrid electric vehicles (HEVs), which
require high power. While lithium-ion batteries have abundant power at

room temperature, their power is poor at the low temperatures that HEVs — Hectrical Energy ; : e, :
will experience in normal use. The goal of this work is to determine the —— Mechanical Energy Graphite Electrode Potential vs. Li/Li* Potential
reason for this power loss using in situ micro reference electrodes coupled oe
with electrochemical performance characterization over a wide temperature 05 30°C
range of 40°C to -30°C. 04
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Challenges o —
y 32cmlarea The potential of the graphite negative electrode does dip below
Many researchers have attempted to improve the low-temperature LiSn Retorancn Emctrode jithium potentials not only during charge pulses, but also under
performance of lithium-ion batteries by developing electrolytes with high 3 Separator Layers normal charging if the cell cutoff voltage is not reduced from its room
ionic conductivities at low temperature. However, when these electrolytes 301041V temperature setting of 4.1 V. Cells based on hard carbon as the
were used in actual full cells, there was only a marginal improvement in . 5C Pulse (2.5C at -30°C) Eegdativebelectrode are much Iessllikely to deposit Iithigm befzuse
performance.  Clearly, another mechanism was at work. An in situ ard carbon operates at potentials 200 to 800 mV above lithium
technique was needed that could elucidate the reason for the poor low- oo oo O'OIO::erseszfa‘wjfw ooos 000 ggto?/rglﬁtlhiﬁr:e;%?: rfi;etlphne has a long voltage plateau only 100 mVv
Lemperafire, perfobnirce: Pulse power impedance increases abruptly at -10°C due to
almost equal contributions from the negative (graphite) and
positive (LiNig sC0g 15Al.0507) electrodes.
Argonne's Approach —c
We decided to investigate the electrochemical processes taking place on AR
the negative and positive electrodes using in situ micro reference
electrodes (RE) that we developed earlier in our advanced battery work. 10 ] akHz SrE 5
The micro RE consists of a 1-um-thick tin coating on a 25-um-diameter ‘\\ e Conclusions
copperre.ati=oated with_an_insulating pol_yurethane CoalingA 1-cm At In situ micro reference electrodes are a valuable tool to elucidate the
engt.ofihe po_lyurethane coat_mg o 'e’T“’"ed pior1oiuse. Toexpose e in { \J e ( electrochemical processes that take place in a lithium-ion cell, and are
stirtaceyA C?” I dssernbled ith,the mlcr_o-R_E placed betyveen W layers s — OidHz particularly well adapted for low-temperature studies. The most surprising
of separator in the cell and then charged with lithium from either electrode. 3 2 G i \ finding from this work was that the impedance rise at low temperature was due
1 THT N0 to nearly equal contributions from the positive and negative electrodes. The
F:onstant c_urrent _cyclmg and_pulse-power fests.ale performe"d on “th'uT' \ high-frequency impedance data indicated that the electrolyte conductivity does
ion cells W"E] Y compo_smo_ns at decrements of 10 to 15°C from 45°C [ increase as the temperature is lowered, as expected, but is not the dominant
doin 107307 G Flecrocheical.impedarice, specifoscony. (FIS) stldiesale cause of the impedance rise. The main rise in impedance occurs in the mid-
pertammed on.these.cellsioyenarfiennentyrange:of 60 MACZImEZ: ; S frequency range of the spectrum. Processes that occur in this frequency range
The concern also exists that lithium metal might plate on the negative & i d are generally interfacial in nature. This means that the responsible phenomenon
electrode during high current charge pulses, a condition that would result in is independent of the active material and is most likely an electrolyte-interface
excessive capacity loss. Reference electrodes are ideally suited to explore 10 . I . I . I . effect.
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this possibility as well. 2
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Electrochemical impedance spectroscopy data for a lithium-ion cell
indicates a large increase in interfacial impedance at low temperature.
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